Researchers at Stanford University have identified a class of paraffin-based fuels that burn at regression rates that are 3-4 times that of conventional hybrid fuels. These fuels produce a thin liquid surface layer when they burn. The liquid layer has low surface tension and viscosity and thus is unstable under the oxidizer gas flow, leading to entrainment of droplets into the gas stream. The entrainment mechanism effectively acts like a spray injection system distributed along the fuel port, greatly increasing the mass transfer rate of the fuel and hence the fuel regression rate. The total fuel regression rate is comprised of contributions from the entrainment mass transfer and from evaporation mass transfer. The entrainment component has some dependence on the chamber pressure in addition to being a function of the surface tension, thickness and viscosity of the melt layer. Not all fuels that form a melt layer at their surface will entrain. Low surface tension and low viscosity within the melt layer are the key criterion for entrainment and hence for identifying high regression rate fuels. A two part system is being fabricated to visualize the liquid layer combustion of paraffin. A flow conditioning system was designed to produce a predictable, uniform flow at the inlet of the combustion chamber. This was done using guidelines for low speed wind tunnels (Meta, 1979). A mock-up of the flow conditioning system was tested in a water channel at NASA Ames Research Center to confirm it produced the desired flow. The combustion chamber was designed to accommodate testing at atmospheric pressure up to 250 psi in order to achieve mass fluxes within the range of what has previously been tested at Stanford (10-75 kg/m 2 s). It has polycarbonate windows on three sides; offering multiple vantage points and lighting options. A high speed video camera will be used to capture the liquid layer combustion for analysis.
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Cut Cut--Through View Through View Isometric View Isometric View A hybrid rocket is a design where a liquid oxidizer is vaporized and passed over a solid fuel. An igniter is used to evaporate some of the fuel and initiate combustion. Once a diffusion flame is established over the fuel surface the process is self-sustaining. The hot combustion gases are used to produce thrust. The regression rate of the fuel, and hence the rate of burning, is dependent upon the oxidizer mass flux. However the regression rate is independent of the chamber pressure over most of the oxidizer flux range, allowing the chamber pressure to be a free variable in the chamber design.
Hybrid Rockets
Hybrid rockets have safety and cost advantages over solid and liquid rockets; however, they have historically had lower performance. This poor performance is the result of low fuel regression rates and therefore low mass transfer rates and thrust levels. This arises from the fact that the combustion process within conventional hybrid rockets relies on a relatively slow mechanism of fuel melting, evaporation, and diffusive mixing. Conventional rockets over come low thrust levels by increasing the burning area through complex, multiport fuel grains. Unfortunately, multiport systems are plagued by • Excessive unburned mass fraction ( 
A Typical Hybrid Rocket
Classical vs. Paraffin-based Hybrids
Complicated fuel grains with multiple Complicated fuel grains with multiple ports are often used to overcome the low ports are often used to overcome the low regression rates of conventional hybrid regression rates of conventional hybrid fuels such as HTPB. However, the fuels such as HTPB. However, the increased burning rate associated with increased burning rate associated with paraffin based fuels allows for a simple, paraffin based fuels allows for a simple, single port design and removes the single port design and removes the problems associated with the complex problems associated with the complex grain geometry. grain geometry.
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